I. Introduction
In the last years there have been many attempts to remove the difficulties of Regge pole models by introducing absorptive contributions in the form of Regge cuts. Recent polarization data of the pionnucleon charge-exchange reaction 1 have, however, shown strong disagreement with the predictions of the two most popular absorption models, the weakcut 2 and the strong-cut model 3 . In addition, these models were not able to describe the t = -0.6 GeV 2 dip structure in the differential cross sections of various inelastic two body processes consistently. In 1971 Harari showed that these difficulties as well as the crossover problem could be solved by imposing duality constraints to the amplitude 4 > 5 .
In this paper we will present a model of a dual absorptive amplitude, which can be regarded as a realization of Harari's ideas. With a simple two parameter Regge pole term realistic s-channel resonances are produced by summing up t-channel Regge poles and n-Reggeon cuts. If we fit these parameters in the resonance region of pion-pion scattering, we can predict the TI TI differential cross sections at high energies (adding a simple phenomenological Pomeron term). The results are in full agreement with the predictions of Harari's dual absorptive model 5 .
In the second chapter we construct our model amplitude and investigate its properties in the low and high energy regions.
Chapter III deals with the application of the model to pion-pion scattering. We calculate the elastic and total cross sections and show the dual properties of the nondiffractive part of the amplitude. Finally we predict the differential cross sections of the various pion-pion scattering processes at high energies.
In Sect. IV the model is applied to the pionnucleon charge-exchange reaction, and we obtain a good fit to the high energy data including polarization even without Reggeon-Pomeron cuts.
II. Construction of a Dual Absorptive Model Amplitude
In analogy to the Veneziano amplitude 6 in polepole duality, where s-channel poles are generated by an infinite sum of t-channel Regge terms
with a(s) = a0 + a's, we want to get s-channel resonances by summing up n-Reggeon cuts ( Fig. 1 ) : where R (5, t) is the Regge term and R ® R is defined by multiplication of the partial wave projections:
Equation (2) can therefore be written as
Obviously there will be resonances with spin I at the places 5* given by
In order to get an amplitude V{s,t) which has a cut from 4 rrr to 00 in the s-plane, we take a Regge term R{s, t) of the following form:
should have poles at a (f) = 1, 2, 3 ... :
ß(t)=ß(t)r{l-a(t)). (7)
Because of the integration over t, the terms R® R, R® R® R, ... do not possess t-channel poles, from Eq. (2), (6) , and (7) we get
which is a polynomial in 00s 6t of degree n.
Primarily we want to describe the s-channel physical region, of course, so that we will confine ourselves from now on to negative f-values, where for the purpose of analytical calculations we make the approximations
Our model is now defined by 4m 2 -S \a, + a't R{s, t) ßo 0) (10) (14) Ii fulfills the conditions of Carlson's theorem 7 , so that (12) with (14) is the desired analytical continuation of R/{s) into the complex /-plane, Obviously Vi(s) can also be analytically continued,
and the s-channel Regge trajectories are given by
Here it is not necessary to introduce signatured amplitudes, because V(s,t) has no u-channel singularities.
The numerical calculation of 3 (5) allows us to calculate the n-Reggeon terms of expansion (2) for j t j ^ s 8 :
^T (17) with . . . ,. a' . a"(0 =1 +/i(a0-l) + -t.
(18) n cin(t) is the trajectory of the branch point of the n-Reggeon cut. Figure 3 shows an(t) together with the effective trajectory aetf(f), which is given by For the application to nn or n N scattering we also have to know V(u,t) and V(s,u) at high energies. It is easily seen, that V(s,u) vanishes exponentially for s->• oo at fixed t and can therefore be neglected. The calculation of V (u, t) « V( -s, t) would require an integration over positive values of t, where our approximation ß(t)^ß0 is no longer valid and would actually lead to divergencies. Instead of postulating a definite functional behaviour of ß{t) for positive t we assume, that ß(t) falls of rapidly enough for t-*-oc as to avoid an eponential increase of V(u,t) for s->oo,and take -<v<r T» a Jo) which seems to be quite reasonable.
(20)
Finally we have to incorporate the Pomeron. If we make the simple phenomenological ansatz P{s,t) =isoe ct (21) for the diffractive part of the amplitude, an iteration of this term like Eq. (2) (sum of n-Pomeron cuts) would only lead to a renormalization of the residue function. So we will regard the expression (20) as the result of such a summation, and only cuts of one Pomeron and n Reggeons have to be added to the amplitude:
or with (4) : Figure 4 shows the various pole and cut terms in A (s, t). The additional absorption by ReggeonPomeron cuts in Vi{s) of course does not affect the s-channel pole structure of our amplitude, as is seen from Equation (24). 
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III. Application to Pion-Pion Scattering
Isospin invariance and crossing symmetry reduces the number of independent pion-pion amplitudes to one. If we take this to be A(n + n~->n + n~) = F(s, t) we get
A'-*{s,t) =F(u,t), A> = Hs,t)=F(s,t)-F(s,u),
A 1 -0 (s, t) = f {F(s,(25)
t)+F(s, u))-\F(u,t).
We will normalize the amplitudes in such a way that the Optical Theorem reads 
where Q-and f-trajectories are taken to be exchange degenerate:
a0 (t) = otf (t) = 0.5 + 0.9 t. nature of Im V is clearly seen (Figure 8 ). It is also seen, that this comes about mainly by absorption of the lower partial waves of the Regge term R by the n-Reggeon cuts contained in V, whereas the additional absorption by Reggeon-Pomeron cuts leading to V is not so important at s = 10 GeV 2 .
Only at ä ^ 40 GeV 2 the two absorptive contributions become equally important. ( Figure 9 ). As the imaginary part of V (u,, t) is zero [see Eq. (20)], the same behaviour is predicted in the TI« TI° case (Fig. 10) :
The exotic process 7i + 7i + -> TI + 7i + shows no dip structure (Fig. 11) , as it is expected from two component duality:
Finally for the charge exchange reaction rr + 7i~ 7i° TI 0 we get
where we have used
which is a good approximation at high energy, so that we expect a dip at t « -0.6 GeV 2 which becomes deeper with increasing energy (Figure 12 ).
IV. Application to jtN Charge-Exchange Scattering
The pion-nucleon charge-exchange data have been fitted by many absorption models of which the most popular ones, the weak-cut 2 and strong-cut model 3 , predicted a sharp negative spike of the polarization at t ä; -0.5 GeV 2 , which clearly disagrees with the new data 1 . Worden 10 has shown that these absorption models are not dual; so we want to test whether imposing duality will remove the difficulties with polarization.
For the sake of simplicity we will apply our model amplitude V to the invariant amplitudes Ä and B, which are free of kinematical singularities. The differential cross section of the charge-exchange reaction, the polarization of the recoil nucleon, and the difference between the TI" p and 7i + p total cross sections are given by 
where pl is the pion lab momentum, 0 is the c.m. scattering angle, M and m are the nucleon and pion mass, respectively.
The su-crossing symmetry properties of A' and B can be expressed by
B(s,t) = -^{G(s,t)+G(u,t)).
As in the n n case we will take exchange degenerate Q-and f-trajectories a* (*) = <*f (0 = <*o + ( 1 -a o) t/™0 2 = a (0
and make the following ansatz for F and G: It is also possible to get a good fit with s0 ä;0.2 GeV 2 ; the polarization would then become a bit worse, but still without showing a negative spike at« « -0.5 GeV 2 .
We have also calculated the 7t = 1 helicity amplitudes at Pl = 6 GeV. They are in good agreement with the data of the model independent analysis carried out by Halzen and Michael 17 . Although Im A' and Im B have their first zero at t ^ -0.6 GeV 2 , Im/^.,. goes through zero at 0.25 GeV 2 . This must be due to a compensation between the contributions of A' and B, whereas the strong cut model needs very strong absorption of F + + in order to put this zero to the right place.
V. Discussion
Starting from the idea that the s-channel resonances are dual to the sum of t-channel Regge poles and cuts, we have constructed a model amplitude which generates resonances by summing up n-Reggeon cuts. Even a very crude two parameter ansatz -t [GeV 2 ! for the Regge pole term leads to realistic s-channel output trajectories a (5) with the right sign and magnitude of Im a (5).
In the application to pion-pion scattering the two parameters were fixed by adjusting the resonance peaks of the elastic ti + n~ cross section. Using a Pomeron term of the usual form we could predict the high energy 71 TI differential cross sections. Their dip structure as well as the dominance of the peripheral partial waves in the imaginary part of the nondiffractive amplitude correspond completely to the conclusions of Harari's dual absorptive model. Up to s » 40 GeV 2 the absorption by n-Reggeon cuts was revealed to be more important than the additional absorption by Reggeon-Pomeron cuts, and the sum ob absorptive contributions produced a peripheral peak in the impact parameter representation at b = r with r ^ 0.8 fm.
Our model was also successfully used to fit the high energy data of the pion-nucleon charge-exchange reaction without producing a negative spike in polarization. Of course the fit could have been improved by adding Reggeon-Pomeron cuts or by a more complicated parametrization of the residue function ß (t). If an appropriate way is found to incorporate the u-channel trajectories N and A, it seems to be possible that the fit can be extended to the resonance region of the difference between the TI~ p and TI + p total cross sections.
